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Table 1 Configurations of different treatment cells of the

HSSF—CW
it 2 QLB TT
C df%%%( Treatment cells
1!
onfiguration I I o
K:J% Length/m 20 22 25
TR Area/m’ 170 160 81
ok
Particle density/(g~m3) 243 1.80 L.44
FUBRE Porosity/% 91 62 50
TEH Vegetation e T3¢ ¥
$ 1224 Latin name  Iris tectorum  Spiked Loosestrife Iris tectorum
FoAr ) 5 5 )

Plant density/(#-m™?)

1.2 HEFZESEN

2010 4F 6 H—2012 4 11 H &R II-— koK
SRk o 2 U S AR BR A TCREK 1y R (a) B A K
FURE T IR B Y 3 AN RCRAE KK, BN Rl 3 A
R (K1) . KFEH 500 mL #EDRER], fRAFAE
4CHAMT, DLAASER = KB . AHF 90 3 5
TEHC 10 ANMEbs, HAKE (Temp) | #i#4 (DO) |
pH {HA1H 5% (Cond) K] YSI6820 (YSI, USA)
2 ZHOK RGN %, Fis (Flow) FIZKIR
(Depth) K] SonTek (YSI, USA) HfAMitidtiim
e, REWFaEFEFEW (Rain) « OKFHARS
(Solar)F1ZE & (ET)F ] WeatherHawk( CampSci,
USA) {145 X AN Gl BN R AR — IR
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Fig.1 Scheme of the HSSF—CW
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RE ° xFlow (1
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KM DA RAS [ A B 556 22 B AR 22 5 R ) Origin
8.0 #4730 #H71. PCA Fil RDA ¥ Canoco 4.5 Fl
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2.1 B{ImEFR TP KRREA BT

FAALTHAR TP 23 BR A0 — i Uk S VO ] N B
e E (B 2) o SR 20°C Y, BRI
FBUTP 2R R EFE1E 1.0 g/(m*d) AR, BhEE TH,
FALTIAR TP JBRF BT IR sl
FIiE 3.27 g/(m*d). AR HE AT A TP 2553
BAE—E 25, BERERN (9.9~293C) , %
Ab B CSF3Y FATTHAL TP RBRR AN T
(0.480+0.127) g/(m*d). 1 : (0.328+0.113) g/(m*d).
I (0.315+0.105) g/(m*d).

S5 B =-0.253+0.039x-0.001x2-0.004x3
—a AEBRCT y=0. ; - ;

50F Treatement cell T R*=0.321,p=0,RS5=19.945

45 L o ABERCTT 3=6.247-1.057x+0.06x%-0.001x°

’ Treatement cell 1T R?=0.318 p=0,RS5=6.134

B AOF e e 1=-3.184+0.628%-0.036x%-0.007x°
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Fig.2 Changes of the area removal of TP at different
wastewater temperatures in the three treatment cells

R 6—11 AP RALINAR TP XBr
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(K 3) . HSSF—CW X} TP [{) L L 24P {E R &,
SES BTN 2R E A (0.33140.132) g/(m*d), 8
AU I Al (0.397+0.125 g/(m*d)) . FkZ=hf
VAL AR, PALLIHIAR TP 2B BT A%, JFE 11
Ay B ARAE, P TP LB N
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Fig.3 Monthly changes of the area removal of TP in different
treatment cells

2.2 EWHSH (PCA)

Wik PCA FEEPIAS B o S e T AN [ IR B A
T HIZRA RN TR 22 BR AR I 5200« 7E p=0.05 {23
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Fig.4 PCA ordinations for various environmental factors in
the HSSF—CW
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Fig.5 RDA ordinations for various environmental factors in
different treatment cells

2.4 ANTHZMZ (ANN)
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Fig.6 Comparison of the actual and simulated 7P, values for different treatment cells
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Table 2  Statistics of simulation parameters for different
treatment cells

A F LT SERLRT LR A TE BB FEAR
Treatment cell MASE R n
I 2.153 0.677 166
I 1.303 0.718 163
I 1.091 0.800 170
3 1

AL HT T ANFEIREE R T %) HSSF—CW 1847
3a LRGN, 1B PCA A RDA $2HL T #u47
TR TP 23R (1) = 5 my A1, G RE/K TP i
WRES KR Wi RS pH (EFI AR 55 I
F (RIS R T HA 7K TP B 2 (1) ANN FIOill A58,
DU 31— 20 BRI 24038 HSSF—CW i /TR

KRG RGAT S TP, Z MAFAE— 4Rk
FRPUB AR (08 FR A AT B T 28 R AR s
B, RIS BERS S E M R R A A KT 75 (R 9%
#ho BEREKTE G AT N, 275 G 57 A 68 I v M
BRI KELEE I, TP, £, ¥4
Je TS SUR S C ORI T AR 25 9k 3 3 5 k 5 kK
VTG AT IANG, ARTG Y i, k {EBE TP (1)
BTN, CT 5 BEK G P 2 A AR B2 2k
PSR,

R JE REE SO S AR R M, RE B R
(<15°C) , YL MAE W B et Ry S 8 2512
N T3 56 Al 4D 2 I 3 0 0 e 36 Xl PR 8 Fr i
BRHEFT, F50 AT, WS B PR [ B 25 B i — o () A i
LI B3k 3 B 3L P T i T T AR AT 2
WFIU R B, BRI T 25 Rk R AN
T FEE T N T30 S A 2 53 A0 R 10 55 i [k 3 ok K AL
FERIARARAL, AR B I RN (B 3D .
FARERRIG TP AR PR R AR R ZE S, X
B KT IRER N ZE R (0.012~0.113 mg/L) 1
Ky BEANKE G B S T A B A AL B — e
Wi o AHIFFOE L0 I SRR TP LB H A
WIS FERAT RS, R A A A TP J:fk
AL — B B A IE A M (R=0.231,
p=0) , X5 Kadlec ZWF5r4i 8, ZmikK
Bt T FRM—R ) )R, Refs s i i
FR Ak 2 SOV I RO AHIFgTaE T = Ik 2 T
BRI B AN [ A PR THI R TP 2 B A T4
BB KWL IR TP LR SR 2 M AEfE—
SEMAHCE (B 2, R™=0.1082, p=0) . Xf& kb2
BITIAS KB, R ZE O At 3.5 ¢¥/(m*d?)
B, BRI AT, X5 HSSF—CW 18174
PE52 N R R K8 i 80) 46 R 22 0T 3 3501 B AL 5 1) ¢

KA K.

L 480 400 R 0T T TR R 10 4 Mt o R S O RE K
(4PN, kAR DO &8 1 ER S A Y A KOS 50
s, FEAE A E B ES, HHlEs
YU E A RIR R, IYERF L e s A A1
HFE. KAEH DO fAAE—EIMZTT AR, & 7R
KRR ISR B R T 2 P, XS0
BB BRAAAES—E R LA
o 4R 1) R A% 6 (1 R, AT 4596 5 P A1
T E IR 4RO B 2 R I R I 2R . AWEIER
B, DO 5 AR TP £BRR 2 1A 52— & I IEAX
PE (B 5) o TR AR 5 G K A R AR TR B (R 4
5 G L O B (IR R L HTRE R K M, A
M T TP,, 1% Braskerud [FHF574s H—5BY,

IKAAHR T 25 16 CO, S bt 46 5 S (AR B 7
—SE IR IA] N AR K AR pH {H o REYIRRBRSZE 0iE
SREN A KA IR, FEE RO A T R
RBEMRAKAE pH (H. BEIEZREAC, H Y iE
WG, BUE COy b, MG AR pH BT 5.

TR T TP [ 2 B 35 B0 ik 38 5 B A4k
SEUURAE T, TR, TP 2Rk 5 35 e A ey R A
IK IR B PIAH BT K S AN, 5K
(5 A I T A, A BT 5 28 2R A0 SO 1) 78 43 3t
17, B AT s, KRN, Bk S
LTI S NI TR D NI S8 TP, B . AHIEST
HK 36l 1.25 m/d, T RGE R e K g f g
i (0.25~035m/d) 7o ek, K Ipd 55 4
B TR L BRI RN R k 2 AEAE B R R, BE
KA N (1~4.2 em/d) , k{288 n (12~
52 m/a) P, i BRARAK S S e AR R 4R
& TP R,

49 308 3 25 M A 47 AR 2R WAL 14D 7K 4 il 81 4%
BE AR R, MaAHE— R, #F5T
R, R A BRI BEIR AR A 0.6~
1.3 g/(m™a)® . R MK AR S Y6 Hh i i i i
ST A S AR, MEDARZET R s
P IR 25 SEHT R, XA LR S R (R 25 1
RPN, B e RS 3
PR i, (H R B PR A U R o AN HBIX
KAVIFR P i S Rt S H iR (2~
80 mg/(m*a)) P, JEILAERR A IS T, H
ISR 5T, A B T3 AR el fr RS 1

HT ANN A RN FE B A ATRRE ,
FH TR AN 55 Je ity 22 B o R P¥ . AHIE 9 i
PCA Il RDA EHEK TP FUEWKRE . K. W
WA pH [EAZEHURAE AR NS5 it
FURIL, BERA g BB R7>0.55%, KW pTHy
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Modeling phosphorus removal in horizontal subsurface constructed
wetland based on principal component analysis

L2% Li Wei'?, Zhang Manyin'?, Zhao Xinsheng'?, Wang Yifei'?, Zhang Yagiong'

(1. Institute of wetland research, Chinese academy of forestry, Beijing 100091, China;

, Cui Liju
Zhang Yan'?, Cui Lijuan
2. The Beijing Key Laboratory of Wetland Ecological Function and Restoration, Beijing 100091, China)

Abstract: Performance of a horizontal subsurface constructed wetland (HSSF—CW) running for three years was
studied. Response curves of the area removal of total phosphorus (TP) to the changes in water temperature were
analyzed for different treatment cells. The temporal changes in the area removal of TP in different treatment cells
were simulated by the sinusoidal function. Based on the statistical methods of principal component analysis (PCA)
and redundancy analysis (RDA), the main environmental factors influencing the removal of TP were selected.
Afterwards, the effluent TP concentration (7P,) was simulated and predicted through the artificial neural network
(ANN). The results suggested that the area removal of TP was insensitive to water temperature changes when the
water temperature was low (<20°C), while great fluctuations combined with an increase of the area removal of TP
occurred as the water temperature increased to a higher degree (>20°C). The highest value of area removal TP
(3.27 g/(mz-d)) was reached at the temperature of 24.5°C. The relationship between the area removal of TP and the
water temperature in different treatment cells was described by the polynomial function, and consequently
reasonable accuracy was obtained (R*=0.1082, p=0.000). The variation of area removal of TP in different months
was found to be in line with sinusoidal changes (R*=0.231, p=0.000). The area removal of TP with a plateau of
0.397+0.125 g/(mz-d) observed in August was higher than that in autumn. The average area removal of TP was
0.331+0.132 g/(m*d) in summer. With the method of PCA and RDA, the relationship between the area removal
of TP and different environmental factors was analyzed. As a result, the main impact factors including the influent
TP concentration (7P;), wastewater temperature (Temp), flow rate (Flow), dissolved oxygen (DO), pH and
evapotranspiration (ET) were found, and subsequently selected as the input parameters for ANN modeling.
Comparison of the actual and simulated 7P, values indicated a certain accuracy of the model in predicting the
trend and scale of 7P, in the HSSF—CW (R*=0.677-0.800). The results of this research could provide scientific
support for the improvement and management of HSSF—CWs.

Key words: phosphorus, principal component analysis, models, horizontal subsurface constructed wetland,
artificial neural network
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